The microwave and millimeterwave spectra of Bromofluoroacetylene 79 Br-C = C-F and 81 Br-C = C-F in natural abundance have been investigated. The molecule has been found to be linear. The rotational constant, the centrifugal distortion constants Do, the Bromine quadrupole coupling constant and the electrical dipole moment have been determined.
Introduction
In a preceding paper the microwave and millimeterwave spectrum of Chlorofluoroacetylene has been investigated [1] . As a second molecule of this series we report now the results of our investigations on Bromofluoroacetylene, a substance which, we believe, has not previously been prepared.
Experimental
Bromofluoroacetylene (BFA) has been prepared following a method developed in this laboratory and described in what follows:
To 22 ml of l,2-dibromo-lfluoroethane(II), purchased from C.O.C., Columbia, 130 ml of a solution of potassium hydroxide in water (50 g to 100 ml H20) were slowly added.
The reaction mixture was heated at 100 °C with reflux for about 30 minutes. After cooling the mixture to room temperature, about 20 g of bromofluoroethylene mixture (II) were obtained. (Mostly cis-trans-l-bromo-2-fluoroethylene and little 1-bromo-1-fluoroethylene; azeotrope b. p. 31 °C.)
To the mixture (II), a small excess of bromine was added very slowly at 0 °C. At the end of the reaction a mixture of 60% l,l,2-tribromo-2-fluoroethane, 30°/o 1,1,2-tribromo-l-fluoroethane, and 10%> bromine was obtained (III).
Ten ml of the mixture (III) were treated in the same way as (I) to perform the dehydrohalogenation. After distillation, 5 ml of a mixture of 95°/o cis-trans-l,2-dibromo-l-fluoroethylene and 5°/o of Reprint requests to Prof. Dr. A. Guarnieri, Institut für Phys. Chemie der Universität Kiel, Olshausenstraße 40-60, Haus S 12c, D-2300 Kiel.
l,l-dibromo-2-fluoroethylene (azeotrope b.p. 85 -90 °C) were obtained (IV).
About 100 g of pure potassium hydroxide were melted in vacuum at about 150 °C to free it from oxygen, which may react with bromofluoroacetylene. After this treatment, KOH was allowed to reach room temperature, and then reduced to very small pieces. It was then placed in a horizontal glass tube of about 10 mm diameter and heated to 110 °C under vacuum of 10~3 Torr for about 1 hour. One ml of the mixture (IV) after vaporization was allowed to pass very slowly through the KOH at 110 °C.
The reaction products were collected in a trap cooled at liquid air temperature. After a fractional distillation between -20 °C and -190 °C we obtained a small amount of bromofluoroacetylene (V), which had to be stored at liquid air temperature.
Bromofluoroacetylene is likely to be very reactive, and therefore it must be handled very carefully. A small explosion has been observed during one preparation. The mixed products mentioned above were analysed by gas-chromatography over an SE 30 silicone column.
As vapor, at low pressure, BFA was sufficiently stable to be studied by millimeterwave, Stark or microwave Fourier transform spectroscopy. The pressure in the cell was about 30mTorr with a substance lifetime in a brass cell of about 20 min.
The millimeterwave spectrum was observed with a conventional spectrometer using klystrons in the range 30 -40 GHz as primary sources and frequency multiplication up to the millimeter frequencies.
X-and Ku-Band microwave Fourier transform spectrometers [2] have been used for the recording of The obtained rotational constants were in agreement with those calculated "a priori" for BFA 79
and BFA 81 within a few MHz. The intensity of the observed lines was comparable with the intensity of OCS lines in the first excited vibrational state Table 2 . Lines split by quadrupole coupling effect of the bromine nucleus. Frequencies (MHz). -Calculated frequencies result from the molecular parameters listed in Table 3 via a complete diagonalisation of the ± subblocks of the Hamiltonian matrix including quadrupole hfs and centrifugal distortion. (1-doublets). Splittings due to the quadrupole coupling effect were not resolved in the millimeter frequency region. The measurement of the quadrupole coupling constant, Xz J was possible by recording the low frequency lines in X-and Ku-Band. The constants listed in Table 3 have been obtained by fitting the measured frequencies and by taking for the error three times the standard error of the fitting procedure. The Stark effect of hfs-quadrupole components of the / = 1 -2 transition have been measured with a /-Band Stark modulated spectrograph with fields up to 2650 V/cm. As in this case the shift given by the Stark field is smaller than the separation between the hfs-levels, the case of weak field is applicable. This means that the Stark-quadrupole effect can be represented in the basis of the eigenfunctions \l ] F MY) and with the microwave electric field component E parallel to the Stark field the selection rule AMY = 0 is to be used. For the evaluation of the electric dipole moment a computer program has been written which sets up and diagonalizes the complete Hamiltonian Matrix, including all matrix elements which would contribute to a second order perturbation treatment.
The values of the dipole moment obtained for the two isotopic species are given in Table 4 . The calibration of the cell has been made using the value of 0.71521 D [10] for the dipole moment of OCS.
Quadrupole Coupling Constant
The quadrupole coupling constant of Bromine in BFA is reported in Table 5 together with those of other similar molecules for comparison. According to the quadrupole coupling discussion given in [4] o-bond ionic character, double bond character, resultant ionic character and bond distances are also listed.
Taking for the ionic character of the o-bond Hal -C i the formula [4] Aa -Ab the expression (1) where X\ and Ag are the electronegativities of the halogen and of the -C = X group respectively,
is obtained for the amount of double bond character.
The resultant ionic character of the bond including both i" and JIc components was given as ic = ia-jic.
A high value of JIc would mean a strong tendency to conjugation of the C-Halogen bond with the adjacent triple bond. Structures of the type HaF + ) = C = N^-) and Hal( + ) = C = C^-^ -X seem to contribute from 22% to 15%> to the ground structure configuration of the molecules listed in Table 5 .
Structure
A precise calculation of the structure is not possible because only two isotopic species have been investigated. Nevertheless, as it was reported in [1] , the distance of the CsC bond changes in other similar molecules between 1.200 and 1.209 A and so Table 6 . ro-Structure data in A for Br-C = C-F calculated using the rotational constants and by assuming the C = C Distance fixed to the values given in parenthesis. it is possible, taking fixed values for the C = C distance, to calculate the other two parameters using the measured rotational constants. Four sets of parameters have been in this way obtained. They are listed in Table 6 together with the corresponding values obtained for CI -C = C -F for comparison.
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